Drones, kept in cages in the absence of bees, were used for the study of the action of pollen, secretion of the pharyngeal glands, and pteridines on the development of Nosema apis. On the tenth day from the individual infection the drones were killed and the amount of the spores of the protozoan Nosema apis Z.
INTRODUCTION
Investigation into the causes underlying the seasonal occurence of the disease is an important part of the study of the bionomy of the protozoan Nosema apis Z. The effect of temperature on the development of Nosema was explained as early as 30 years ago ! MORGENTT.-1ALER, 1938; LO T M AR , 1943) . Insufficient attention has, so far, been paid to other causes, especially to the action of pollen, although pollen has been known for more than two decades to have a stimulatory effect on the reproduction of the parasite (B EUTLER , O PFINGER , W AHL , 1949 ). It has not been proved until now, whether pollen owes its stimulating effect to the proteins and vitamins it contains, or whether it is due to an indirect action of pollen encouraging the development of the pharyngeal glands which produce high-protein and high-vitamin secretion to be ingested by the parasite, or after all, whether both factors are involved in combination.
The secretion of the pharyngeal glands can be eliminated from the food of caged bees either by the removal of these glands or by the stoppage of their function. Both methods are still impractical in the honey-bee. The The drones were fed honey to which 3 % goat-willow pollen, which had been stored at minus 30 °C, was added. Nosema consumes the nitrogenous compounds from the host's food, as found by Lormtnx (1939) . Pollen was added to honey in all experiments in order that the amount of these substances be sufficient. The use of glycides alone for the nutrition of the drones implied the hazard of nitrogenous compounds becoming a limiting factor, with the intensive schizogony of the protozoan Nosema apis. Goat-willow pollen was used for its major stimulatory effect on the developmental cycle of the protozoan in the bees (PEROUTK A , 1975 
a).
The pollen was pelleted by the bees. Before use, the pellets were crushed, the pollen was thoroughly mixed in honey, and on the first and third day of the experiment 8 ml of this food was put into each cage so that the drones could take in the food ad libitum. The food should fill not more than 3/4 of the volume (height) of the cells. When the cells contained more food, or when the food was spilled over the comb, the drones quickly got sticky and died in 48 hours.
The only exceptions were the third and fourth experimental groups. Honey with 3 % secretion of the pharyngeal glands was administered to the drones in the third group and honey alone to the fourth group. The secretion of the pharyngeal glands had been kept in dark glass bottle at minus 30 °C.
In groups which were studied for the effect of pteridines (tabl. 1) 5 mg of the substance was mixed with each amount of 8 ml of food, always on the first and third day of experiment. Thus the drones consumed food, containing the studied pteridine, throughout the duration of the experiments.
The effort to find whether or not pteridines are substances exerting a significant influence on the developmental cycle of Nosema was based on the knowledge of the action of four substances. Most important among them was tetra-hydrofolic acid in which the action on protozoans is relatively well known (BL AKLEY , 1969) .
Further substances, involved in these studies, were neopterin, contained in the secretion of the pharyngeal glands and affecting the protozoan Crirhidia fasciculata in a manner similar to the action of biopterin (B LAKLEY , 1969) , 6-polyhydroxyalkylpteridines, and 6, 7-dimethylpterine.
Another substance which could markedly affect the developmental cycle of the protozoan Nosema apis Z. was aminopterin which is, in numerous species, an inhibitor of folic acid (B LAKL EY, 1969) . However, there may be cases in which aminopterin can replace folic acid.
The fourth group of substances tested were mercaptopteridines which were assumed to show an inhibitory effect in biochemical reactions influenced by pteridines (S LAV I K , personnal communication).
Tabl. 2 shows the results of experiments in which pteridines were added to food at a rate of 5 mg : 2 ml of 0.1 molar solution of ascorbic acid, containing 5 mg pteridine, was added to 8 ml of honey with 3 % goat-willow pollen. Owing to the lower solubility of some pteridines in acid medium, the pH was adapted with NaHCO 3 to the value of 6,8. Again, the food was administered on the lst and 3rd day of experiment so that the drones might eat ad libitum. Some reduced pteridines : tetrahydrofolic acid, 2-amino-4-hydroxy-6, 7-dimethyl-5, 6, 7, 8- The influence of this pterin on the reproduction of the protozoan is statistically significant, if compared with the drones kept together with bees, and with the groups of drones given honey with 3 % royal jelly, honey with a 3 % pollen, and drones given 2,4 diamino-6-(1', 2', 3', 4'-tefrahydroxybutyl) pteridine, folic acid and 6,7 dimethylpterin. Aminopterin also stimulated the developmental cycle of Nosema apis Z., but the degree of this stimulation was lower. The other pteridines did not exert any statistically significant influence on Nosema, although it may be said that 2-amino-4-hydroxy-6 (1', 2', 3', 4'-tetrahydroxybutyl)-pteridine slightly encouraged the development of the protozoon, producing 21.01 million spores per drone.
In the first year, the lowest mortality was ascertained in the groups of drones kept together with bees (18.1 %), and no mortality at all was obtained in the drones fed by the bees through the queen excluder. In that period, the method of keeping the 4-mercaptopteridine was found to reduce statistically significantly the number of the spores of Nosema, as compared with the food containing tetra-hydrofolic acid, neopterin, aminopterin, 4-mercaptopteridino-6.7: 1', 2'-cyclohexan, 2-amino-4-hydroxy-6-tetrahydroxybutylpteridine, and d 2,4-diamino-6-tetrahydroxybutylpteridine, even at significance level of alpha = 0,01. 4-mercaptopteridine also reduced the number of spores of the protozoan Nosema apis Z. in comparison with the control group of drones fed just honey and pollen. However, the reduction of the number of spores was statistically insignificant. Similarly, the quantity of the spores of Nosema apis was reduced by 2-amino-4-hydroxy-6, 7-dimethyl-5, 6, 7, 8-tetrahydroxypteridine. In the second year of experiments, the method of keeping drones alone was already refined so that the 10-day mortality rate was 17,0 % in the non-infected drones and just 10,2 % in the infected drones. Considering that the same food was used in all further groups it can be assumed that the higher mortality of the experimental individuals was due either to the intensive development of the protozoan Nosema apis Z. or to the toxicity of the pteridine given to the drones, or, after all, to the combination of both.
Detail data are shown in Tabl. 2.
DISCUSSION
Tests on drones did not prove that the developmental cycle of Nosema apis Z. is stimulated either by the pollen in the food or by the secretion of the pharyngeal glands, in comparison with glycides administered alone. The drones which were fed honey with royal jelly and were invaded by the spores of the parasite showed an 82.6 % mortality rate of the experimental individuals which might indicate a vigorous development of the protozoan in the cells of stomach epithelium. However, the examination of the remaining living drones and those which were fed only by bees and did not suffer from a significant increase of the number of the spores justified the assumption that the drones given the honey enriched with royal jelly died from the changes in the royal jelly which is known to be a quickly decomposing substance. These were the reasons why we eliminated royal jelly from further experiments, and pollen, which was assumed not to have any adverse influence on the development of Nosema apis Z., was used as the source of nitrogenous compounds.
The results of the tests with pteridines proved the hypothesis, that these substances have an effect on the developmental cycle of the parasite. The development was found to be markedly stimulated by tetrahydrofolic acid. Neopterin was another substance found to exert a stimulative effect, especially in the first year of experiments.
As assumed, the development of the causal agent of the Nosema disease was to be stimulated also by tetrahydroneopterin. However Interesting results were also obtained with the use of mercaptopteridines. 4-mercaptopteridine reduced the development of the protozoan by 45.5 %, as compared with the control drones given just honey with pollen. The group of drones fed 4-mercapto-6, 7-dimethylpteridine in their food had the same number of spores as the control group and the third groupe given 4-mercaptopteridino-6, 7 : 1', 2'-cyclohexan in food had even a greater number of spores per drone than the control group. It is inferred from the experiments that in 4-mercaptopteridines the inhibitory effect on the development of the protozoan decreases with the increase of non-polar substituents at levels 6 and 7. It is interesting to compare the formulae of these mercaptopteridines with biopterin.
As to the remaining pteridines, 6, 7-dimethylpterin and folic acid apparently do not influence the development of the parasite, although 6, 7-dimethylpterin is responsible for a higher mortality rate of the drones. It can be assumed, that this pteridine caused the greatest mortality among the attacked individuals which is suggested, in this group, also by a generally lower number of the spores of Nosema apis Z.
A small number of the spores of the protozoan Nosema apis Z. was found in the groups of drones given 2-amino-4-hydroxy-6, 7-dimethyl-5, 6, 7, 8- The most important problem now being studied is the explanation of the role of the intestinal microflora as a possible source of pterins for the protozoan Nosema apis Z. The results of the work by HaR!rwIG (1976) on the cultivation of the parasite on tissue cultures suggest that bacterial flora must be involved in the developmental cycle of the protozoan Nosema apis Z.
CONCLUSION
Test on drones revealed that 3 % additions of goat-willow pollen to food and 3 % additions of the secretion of the pharyngeal glands do not influence the developmental cycle of the protozoan Nosema apis Z., in comparison with food containing glycides alone.
The drones fed exclusively by bees as well as those which could take their food from bees and eat honey with 3 % goat-willow pollen from combs, also had not an increased number of the spores of the parasite in their alimentary tract, in comparison with the drones eating honey.
Tetrahydroxyfolic acid and aminopterin exerted a statistically significant stimulative effect on the development of Nosema apis Z. The development of the protozoan Nosema apis Z. was also stimulated by neopterin, 2-amino-4-hydroxy-6-(1', 2', 3', 4'-tetrahydroxybutyl) pteridine, 2, 4-diamino-6(1', 2', 3', 4'-tetrahydroxybutyl) pteridine, and 4-mercaptopteridino-6, 7: 1', 2'-cyclohexan, although this stimulation was not always statistically significant. Folic acid, 6, 7-dimethylpterin, 4-mercapto-6, 7-dimethylpteridine, and tetrahydroneopterin did not influence the development of Nosema, although the latter three were responsible for a higher mortality of the attacked individuals.
2-amino-4-hydroxy-6, 7-dimethyl-5, 6, 7, 8-tetrahydropteridine limited the developmental cycle of the protozoan Nosema apis Z., but was responsible, at the same time, for a high mortality rate in the host. The development of the protozoan Nosema apis Z. was also reduced by 4-mercaptopteridine, without any greater increase of drone mortality.
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